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Steam Jets as vacuum pumps for altitude 
chambers 
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Test facilities for handling liquid oxygen 


IEE Announces Program of First Annual 
Meeting 
In a future issue...The Glenn L. Martin 
Company scraps an altitude-tempera- 
ture-humidity chamber, and writes 
specification for its replacement. 
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Letters to the Editor 


Dear Sir: 

Aircraft Radio Corporation has recently constructed 
a new engineering building which includes a relatively 
complete Environmental Test Laburatory. During the 
planning for this laboratory, the problem of high fre- 
quency vibration system requirements arose and, even 
now, is still under consideration. 

Thus, the article “Vibration Testing for the Neophyte” 
by Mr. Robert L. Stallard (Environmental Quarterly, 4th 
Quarter 56) was quite timely for it presented in a very 
concise, complete and unbiased manner most of the per- 
tinent information on high frequency vibration systems. 

Please continue inclusion of similar articles which 
would help to explain to “the neophyte” the necessity for 
and the requirements of other phases of environmental 
testing. 

R. A. NEWELL 
Supervisor, Envirenmental Test. Dept. 
Aircraft Radio Corporation 


Dear Sir: 
The interim [explosion] test procedure to MIL-E-5272 
issued by this Center specified that the test temperature 
(Continued on Page 24) 


Shaker system 
for complex motion tests 


Newest technique in environmental testing is complex 
motion testing. 

An MB Vibration Exciter System designed for such 
service fulfills not only the special needs of random 
motion testing, but virtually any other test specification 
as well...such as sinusoidal motion testing, fatigue test- 
ing, automatic cycling, and provisions of MIL-E-5272A. 

Heart of the system, the MB Model C-25HB (shown) 
is rated at 5000 pounds peak force. 

This and other MB Exciters for 260, 1200, 1700, 3500, 
7000 and 15,000 pound force faithfully reproduce com- 
plex input signals when teamed with an MB amplifier 
and compensation console. 

A control cabinet houses all necessary instrumentation 
plus frequency and amplitude controls. Send for data. 


manufacturing company 
A DIVISION OF TEXTRON INC. 
1057 State Street, New Haven 11, Conn. 


Cirele 701 on Page 20. 


A Policy 
For Controversy 


We aspire to make the Environmental Quarterly se 
as a free forum with regard to technological subjects of 
controversial nature. We shall welcome the opportuni 
to present ideas that may arouse contradiction, for only 
this fashion can we approach the usefulness for whi 
we strive. 


We shall go beyond the practice of the “free exchan, 
of knowledge” so admirably carried on in the Unité 
States to encourage debate between men of conflicti 
opinions. The truth that we all seek is better and fas 
revealed when men of good-will throw the light of wh 
they know into the shadows of other men’s ideas and fiel 
of knowledge and thus by the combination bring all cc 
cerned more quickly to a new understanding. In the ¢ 
velopment of ideas, as in the development of animals a 
plants, “cross-fertilization” leads to strength. 


And this brings us to a case in point. In the article 
page 4 dealing with the application of steam jects to 
problems of evacuating high-altitude chambers, ¥ 
Bykowski implies in his opening paragraphs that 
various forms of rotary pumps are not altogether adequa 
for the requirements of todays altitude chambers. V 
have discussed this matter with the chief engineer of 
manufacturer of altitude chambers and have his sta 
ment that his company has several large chambers in 
field where rotary single-stage vacuum pumps achieve a 
tudes in excess of 100,000 and even 120,000 feet. We e 
pect to print a formal commentary from this expert 
the subject in the next issue of the Quarterly. 


R.H.M. 


IN A FUTURE ISSUE 


The Glenn L. Martin Company is scrapping an 
obsolete and worn-out altitude-temperature- 
humidity chamber. In a future issue the 
ENVIRONMENTAL QUARTERLY will carry 
an article covering this Martin experience. It will 
be filled with concrete and useful material: 
troubles and faults of the old chamber, salvage 
attempts, the decision to scrap, writing specifica- 
tions for the replacement, how size and ranges 
of capabilities were determined, etc. 
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INSTITUTE OF ENVIRONMENTAL ENGINEERS 


Announces 


FIRST ANNUAL TECHNICAL MEETING 


to be held with an 
Equipment Conference for the Environmental Equipment Institutet 


Since space is limited, attendance at some meetings must 


be restricted. Registrations are to be accepted in the order 


received at Institute Headquarters. 


Mr. Henry F. Sander, Provisional President of the IEE, 
has formally announced the program for the First Annual 


Technical Meeting of the Institute ai the La Salle Hotel, 


Chicago, Illinois, on April 25th and 26th, 1957. Simultane- 
ously, Mr. Charles E. Earl, President, EEI, announced an 
Equipment Conference for the Environmental Equipment 
Institute on the same dates at the La Salle Hotel. 


According to Dr. George D. Wilkinson, General Man- 
ager of both the IEE and the EEI, over three thousand 
preliminary announcements of the April meeting have 
been sent to selected individuals throughout the United 
States and Canada. Dr. Wilkinson stressed the basic fact 
of space limitation at the meeting and urged early registra- 
tion. A vast number of straws in the wind and concrete 
inquiries indicate a tremendous interest in the coming 
meeting, Dr. Wilkinson said. 

The formal program for the April meeting is to be 
printed and distributed at the end of March. The prelimi- 
nary announcement of the program is presented below, 
together with abstracts of the papers. 


WEDNESDAY, APRIL 24th 
Registration: 
7:00 P.M. to 10:00 P.M. 


THURSDAY, APRIL 25th 
Registration 
(18th Floor Foyer) : 9:00 A.M. to 11:45 A.M. 


Facility Trip I: BASIC NUCLEAR RESEARCH LABORATORY 
at the University of Chicago 


Its low-temperature laboratory is one of the two largest 
installations in the United States. 


9:00 A.M. to 11:30 A.M. 


Session A (Lincoln-Douglas Room): “AIR FORCE EXPLO- 
SION TESTING TECHNIQUES” by G. W. Gerhardt, Wright 


Air Development Center 


“QUALIFICATION TESTING OF HIGH TEMPERATURE 
AIRCRAFT HYDRAULIC PUMPS” by A. B. Billett, Vickers, 


Inc. 


With the advent of Jet Engine Aircraft and its continued de- 
velopment for higher performance have come numerous prob- 
lems in the qualification testing of hydraulic components. These 
new problems center largely around temperatures of 275°F. 
to 550°F. 


Session B (Illinois Room) : “SINUSOIDAL, RANDOM, AN 
SINUSOIDAL PLUS RANDOM EXCITATION” by F. Geo 
General Electric Corporation 


Five phenolic wiring boards of varying areas were subjec 
to sinusoidal, random, and sinusoidal plus random excitatio 
The vibratory response was sensed by accelerometers pla 
identically on all boards for the different types of excitati 
Actual test results will be analyzed and conclusions presente 


“ENVIRONMENTAL TESTING WITH RANDOM NOI 
VIBRATION” by D. G. Douglas, Rocketdyne Division of Ne 
American Aviation 


Laboratory tests of rocket engine components subjected 
an environment of random noise vibration will be discussed. 
procedure whereby an engineer may determine the operatio 
response of non-linear elements to vibration. 


Equipment Conference (Century Room) : Members of { 
ENVIRONMENTAL EQUIPMENT INSTITUTE will be a 


able to discuss test equipment. 


12:00 Noon to 2:00 P.M. 


Luncheon (Grand Ball Room): Welcoming address 
Charles E. Earl, President Environmental Equipment Insti 
and H.F. Sander, President Institute of Environmental Engin 


2:30 P.M. to 5:00 P.M. 


Session C (Linclon-Douglas Room): “HIGH ALTITUD 
MISSILE GUIDANCE EQUIPMENT TESTED ON TI 
GROUND” by P. H. Brandt, Murphy & Miller, Inc. 

Altitude 120,000 feet, temperature 110° below zero. The pr 
lems of simulation and instrumentation. 


“RAM AIR SIMULATION DURING TEMPERATU 
ALTITUDE TESTS” by Dr. Neal A. Cook, Westinghouse 
Arm Division 

The difficulty of performing temperature-altitude tests 
non-pressurized electronic equipment while maintaining 
ternal cooling from an external source. 


Session D (Illinois Room): “HIGH TEMPERATURE 
VIBRATION MEASUREMENTS” by W. R. Elliot, Boeing 
craft Corporation 

Means of calibrating vibration transducers up to 1,000°F. 
presented. Two test facilities, one which has an upper limit 
600°F. and another that is capable of vibration testing up 
1,000°F. will be described. 


“PREDICTING & EVALUATING LOW FREQUENC 
VIBRATION ENVIRONMENTS OF AIRCRAFT” by E. 
Kirchman, Glenn L. Martin Company 

The problems associated with low-frequency vibration, 
condition characteristic of aircraft structure, will be discuss 
A typical environmental spectrum developed and the effects 
equipment design, isolator requirements, and environme 
testing techniques will be evaluated. 
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“WHAT TO DO WHEN IT’S TOO BIG TO TEST” by R. M. 
Mains, Knolls Atomic Power Laboratory 

As an alternative to bigger and even bigger test equipment, 
various constructive steps that can be taken short of complete 
simulation are to be discussed. An example is offered in terms 
of the reactor compartment of a nuclear powered submarine. 
The need for better definition of damage criteria is emphasized, 
so that tests and calculations have more meaning. 


Equipment Conference (Century Room): 8:00 P.M. to 
10:30 P.M. 


Open House (Century Room). Sponsored by members of the 
Environmental Equipment Institute and others of the Equipment 


ite fonference. 


FRIDAY, April 26th 


Registration 
18th Floor Foyer) 


9:00 A.M. to 11:45 A.M. 


acility Trip Il: BASIC RESEARCH LABORATORY at the 
niversity of Chicago 


:00 A.M. to 11:30 A.M. 


Session E (Chicago Room): “PROBLEMS OF HUMIDITY 
b ject INSTRUMENTATION” by J. Boyle, Boyle Ergineering 
Laboratory 


io Relative humidity, and precision in measuring humidity and 


other parameters. 
NOK “DESIGN CONSIDERATION FOR ADVANCE PERFORM- 
f Ne ANCE TEMPERATURE, HUMIDITY AND ALTITUDE 


PARAMETERS IN A TEST FACILITY” by B. Friedman, 
Tenney Engineering, Inc. 


AN 
Geo 


— This paper will cover a forced-air system that provides less 


than 10° gradient at 350°F. and at 80,000 feet. 


Session F (Lincoln-Douglas Room): METHODS FOR ESTI- 
MATING ACOUSTIC ENVIRONMENT FOR THE B-5b5 
WEAPONS SYSTEM” by E. H. Stepp, Convair 


Example of the predicted acoustic environment of the air- 
frame structure and electronic subsystem will be presented. 


“SOME RESULTS OF STRUCTURAL TESTS UNDER 
ress HIGH INTENSITY NOISE” by H. H. Hubbard, National Ad- 
Insti visory Committee for Aeronautics 


ratio 


of 


be a 


gin Description of characteristics of the intense noise field en- 
countered near aircraft power plants. Recounting of experi- 
ence in testing to destruction of simple panels with both dis- 
rITUB crete and random type noise loading. These tests revealed some 

of the effects of panel thickness, curvature, and edge conditions, 
N Ti as well as internal pressure. The behavior of panels subjected 
to noise loading is to be illustrated by means of high-speed 
motion pictures. 


“PROBLEMS IN ACOUSTICALLY INDUCED EQUIP- 
ATU MENT FAILURE” by Dr. I. Dyer and Dr. J. Baruch, Bolt, 


he pr 


puse Beranek and Newman, Inc. 

An outline of the basic problems assumed to be involved in 
tests the failure of electronic equipments under high intensity sound. 
eee Equipment Conference (Century Room): 12:00 Noon to 

2:00 P.M. . 
ATUI 
eing Luncheon (Grand Ballroom). SPEAKER: Dr. Alan E. Sur- 
osky, Manager of Manufacturing, Nuclear Development Cor- 
0° F poration of America, “Propulsion Reactors and their Environ- 
limit ments.” 
ig up 


:30 P.M. to 4:30 P.M. 


UENC) Session G (Chicago Room) : “EFFECTS OF A HETEROGE- 
by E. NEOUS GROUP OF FUNGI ON MILITARY EQUIPMENT 
AND MATERIAL” by Dr. E. J. Keegan, St. Johns University 


ration, A short history; physiology and nutritive requirements; ef- 


- > 

Escusse fects of sub-zero temperatures; and various microbial defects 
fects in relation to Fungus Testing. 


(Continued on Page 15) 
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operational 
evaluation 
engineers 


ARMA offers engineers opportunity 

to apply advanced systems experience 

in the evaluation of an inertial 

guidance system for long-range Air Force 
missile. Evaluation studies are conducted 
under operating conditions that 

provide fully-equipped and 

modern laboratory facilities. 


Immediate opportunities available for 
engineers with experience in 

Dynamic analysis 

Systems analysis & evaluation 

Components evaluation 

Materials evaluation 


Moving allowances arranged. 


Forward confidential resumé. No 
reference contact without your permission. 


Send resumé to Robert Burchell 
Administrator of Technical Personnel 
Dept. 818 


Division American Bosch Arma Corp. 


Roosevelt Field, Garden City, L. N.Y. 
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for Large Altitude Chambers’: 


Ronald M. Bykowski, Cornell Aeronautical Laboratory 


Steam Jet Vacuum Pumping 
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Steam jets have the outstanding characteristic of large-vol#oolin 
ume capacity at low pressures. This, combined with the?*™ 


advantages of lower first cost, lower maintenance cost, r 


car! 


Ping in 
gedness, compactness, and ease of operation, makes then) 4 « 
eminently suited for use as altitude simulators. ion é 
tallec 
In a previous article in the Environmental Quarterly!, A single-stage steam jet can simulate an altitude o ah 
Mr. David Ettelman explained that rotary vacuum 60,000 feet, and a two-stage jet is capable of 100,000 feet} i). 
pumps are the most practical of the available mechani- Three-, four- and five-stage jets are common in th@pe y 
cal devices for simulating altitudes. chemical industry and operate down to suction pressure tagin 
Some authorities?-3 claim, however, that rotary pumps as low as .003 inches of mercury. 
—sliding vane, lobe, and revolving liquid—are ordinar- —* 
ily limited to practical suction pressures equivalent to Principles of the Steam Jet 
something in the order of 40,000 teet in single-stage Steam jets are compressors. They convert the pressur 
operation and 70,000 feet in two-stage operation. energy of the motive steam to high-veloctiy energ 
If this claim is true, then, in the light of present op- through the jet nozzle (Fig. 1). This high-velocity stea 
erational altitudes of military aircraft, these limits are entrains the air or other gas in the suction port and the 
borderline today and are certain to be inadequate for resultant mixture enters the diffuser, where the velocit 
the future. energy is converted back into pressure. For a given steam 
In a large chamber where significant leakage exists or pressure and pressure ratio, the minimum suction pre 
where equipment is being tested that requires large sure that can be obtained is a constant. The airflow 
quantities of make-up air for combustion or cooling, a that can be maintained is directly proportional to th 
rotary pump might be incapable of maintaining the steam flow. Therefore, only the size of the units (orifice 
pressure equivalent of high altitude. A rotary pump is and diffuser areas) is increased as more airflow 
essentially a constant displacement device, and the mass required. . . 2 P 
flow of gas through it decreases directly with the gas A single-stage jet can be designed to obtain altitude 
density. When a high mass flow of gas is required, the of more than 60,000 feet at shut-off, that is, at zen 
installation of parallel units is a necessity, and this is airflow. Designers of altitude chambers, however, wi 
not only costly but space-consuming. probably be interested in higher altitudes, which a 
Under these conditions, the designer should consider obtained by operating two or more units in series. / 
the use of steam jet ejectors as vacuum pumps. Although two-stage jet system is capable of simulating an altitud 
a feasible arrangement would be to use a rotary-pump- of 100,000 feet. I believe that the two-stage system 
steam-ejector combination, I have limited this discussion ideal for altitude chamber application, and the rest 
to the use of steam ejectors alone. this article is devoted to it. 
Steam jets have the outstanding characteristic of large- Condensing or Non-Condensing 
volume capacity at low pressures. This, combined with 
the advantage of lower investment, lower maintenance ee ee ee act 
and non-condensing. In a condensing system (Fig. 2 
tiie ee ee the discharge of the first stage enters an interconden 
makes them highly suited for use as altitude simulators. 8 6 TI 


Mr. Bykowski is an Associate Research Engi- 
neer in the Altitude Chamber Branch, Wind 
Tunnel Dept, at CAL. He received the Bach- 
elor of Science degree in mechanical engi- 
neering from the University of Delaware in 
1950. 


where water condenses the first-stage steam and coo 
the suction air. This reduces the load on the secon 
stage, and compression can be done with less stea 
The intercondenser can be either a surface type 0 
direct-contact barometric type. Barometric condense 
usually require less steam and less cooling water tha 


*I have used the term “airflow” for convenience although oth 
gasses than air may be involved, for example, moisture-vapor or t 
gasses occurring in processes using petro-chemicals. 


Environmental Quarter 


‘ 4 
{ 
ik H 
ey i 
fude 
Rhe | 
han 
shou 
rem 
cop Sand 
‘ j 4 ~* 
"irs 
4 


urface condensers. However, a disadvantage is that the 
lirect-contact condensers require an elevation of at least 
b4 feet on the units to eliminate the possibility of flood- 
ng the system. I do not recommend a condensate pump 
ised on a low-level direct contact condenser. 


In a non-condensing system the discharge of the first 
tage is connected directly to the suction of the second 
tage. The first cost of a non-condensing system is much 
ower because no inter-condenser or cooling tower system 
s required, although there are techniques for providing 
ooling water without the use of a cooling tower. However, 
yperating costs are higher because the second stage has 
Wo carry the first stage steam in addition to the gas, result- 
ng in a higher steam rate. 

A condensing system is generally more stable in opera- 
ion and requires less attention by the operator. The 
1on-condensing system requires less space and can be in- 
talled in a more accessible location. The final decision 
m whether to condense or not is made by balancing the 
actors of available investment money, steam cost, steam 
availability, and operability. Another critical factor is 
he number of hours usage in the altitude range where 
taging, and thus the increased steam flow, is necessary. 


DISCHARGE 
Courtesy the Elliott Co. 


Figure 1. Functioning of the steam jet ejector. 


actors Affecting Airflow 


The gasload on a vacuum pumping system in an alti- 
ude chamber is the leakage rate into the chamber plus 
he number of pounds of make-up gas required for test 
burposes. With careful design, leakage in a high altitude 
hamber can be kept to between 10 and 20 pounds per 
our. The temperature and molecular weight of the gas 
removed must also be considered when sizing ejector units. 
he weight flow is affected by temperature, humidity, 
ind combustion products. 
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Courtesy the Elliott Co. 


Figure 2. Two-stage steam jet pump de- 
signed as part of a condensing system. 


Flow versus Altitude 


Flow characteristics of specific steam jet systems are 
shown in Figure 3. Curve 1 shows the performance of a 
single-stage jet alone. Curve 2 shows the performance of a 
low-vacuum jet in series with the jet of Curve 1. Actually, 
the manufacturer has considerable latitude in designing 
systems, especially in the characteristics of the first-stage 
jet. Characteristics as shown in Curves 3 and 4 are also 
available. Notice that airflow capacity is sacrificed to 
obtain higher altitudes. 

In design, the best practice is to specify the airload at 
a given suction pressure or pressures based on chamber 
test requirements. This information will enable the manu- 
facturer to choose the type and size of jets necessary. If 
a system such as Curves | and 2 is choosen, the units are 
sized to obtain the desired flow. The shape of the char- 
acteristic remains the same as in Figure 3, and only the 
ordinate changes, depending on the steam flow required. 

Figure 4 shows a typical design that has been proposed 
for the Cornell Aeronautical Laboratory altitude chamber. 
In this case, the second stage comprises two parallel jets 
of equal capacity. One half of the second stage will be 
used alone (Curve 1) for tests at lower altitudes requir- 
ing less flow. For tests at lower altitudes requiring more 
flow, boh units are used (Curve 2). For higher altitudes, 
the staged system is used (Curve 3). This splitting up of 
the second stage allows more operational flexibility and 
steam economy. The increased cost for an extra jet is 
small and is soon recovered in steam savings. 

Of course, when a second-stage jet is used alone, no con- 
densing water is required. At altitudes lower than that 
corresponding to point A, a single-stage jet should always 
be used. The combination of ejectors just satisfying the 
test flow conditions required should be used when operat- 
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ing between the altitudes corresponding to points A and 
B. The area under the extremities of these performance 
curves represents the operating area of the altitude 
chamber. 


Steam Pressure 


An ejector will not operate satisfactorily unless it oper- 
ates close to the steam pressure for which it is designed. 
Therefore, the steam pressure cannot be throttled to save 
steam if the maximum airflow is not desired. If the steam 
pressure is increased beyond the design point, the jet 
will operate satisfactorily, but at reduced capacity because 
of choking at the steam nozzle. 

Generally, the design pressure should be somewhat be- 
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ALTITUDE 1000'S OF FEET 
Data: Courtesy Schutte & Koerting Co. 


Figure 3. Characteristics of specific steam jet ejectors. 


low the lowest steam pressure that will be encountered. 
Normally, design steam pressure should not be below 
90 psig. Systems can be designed with steam pressures as 
low as 60 psig, but higher than normal steam rates are 
necessary. The higher the design steam pressure, the lower 
the steam rate. Dry, saturated steam is required, but 
superheat does not improve economy. 
Design 

Figure 5 shows the essentials of a suggested design for 
a two-stage, condensing system. Altitude control is effected 
by automatic control of the bleed-back rate of steam from 
the discharge to the suction. Throttling of the suction line 
is feasible, but finer control is possible with the bleed-back 
system, and the pressure drop of the throttling valve is 
eliminated.4| Manually set, pneumatic-operated control 
valves are used in the steam supply lines to each ejector. 
These valves allow automatic panel control of ejector 
staging and are also used to throttle the steam slightly to 
correct for variations in supply steam pressure. Tight shut- 
off check valves are required in the second-stage discharge 
lines to prevent by-passing and to hold altitude in the 
chamber without steam flow. 

A silencer is desirable in the discharge line to reduce the 
noise from the discharging steam and air. Care must be 


taken that the back pressure on the ejectors does not ex 
ceed | psi. An after-condenser is an excellent silence 
and eliminates the steam discharge but is probably not 
justified except where cooling water is easily obtainable 
All steam supply and discharge lines must be properly 
sloped and trapped to remove condensate. 

The optimum location of the cooling tower depend 
upon the physical setup. The schematic implies a 1 
location for the ejector and the cooling tower, This wil 
usually provide the necessary elevation for the barometri¢ 
leg. If the cooling tower is also installed on the roof, a 
additional pump to supply the water to the condenser i 
unnecessary. The partial vacuum in the intercondense 
will draw its own water once the condenser has bee 
“primed.” The by-pass line on the recirculating pump 
is provided for this purpose. The control valve in the 
water supply line to the intercondenser is used to control 
flow and thus the temperature of the condenser water 
Accurate control of the condenser water temperaturé 
stabilizes the ejector operation. If the cooling tower i 
placed in another location, care must be taken to insure tude 
that the flow of water to the tower is balanced with that 
flowing to the condenser. 


Costs 


Figure 6 shows the approximate cost versus capacity al 
75,000 feet altitude for non-condensing and condensing} —— 
systems. The cost figures shown are for the ejector systen "y 
proper only. This does not include piping, cooling towe ; 
or controls. A complete, installed two-stage system wit 
barometric intercondenser would be about 8 to 10 tim 
the cost shown, while a two-stage, non-condensing syste 
would cost about 4 to 6 times as much. 

Operating costs of a condensing jet ejector system (pri 
marily steam costs) are less than the cost of electric pow 
driving motor and compressor sets that deliver the equiva 
lent capacity. The steam rate in a non-condensing system 
is almost double that of an equivalent condensing systet 
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Maintenance 


Maintenance costs for steam jets are much lower that 
for other types of vacuum pumps. No lubrication or a 
justment is necessary. There are no moving or wearin 


(Continued on Page 14) 
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Figure 4. Typical steam jet ejector performance curves. 
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ceuestions and Answers 


We invite you to send us questions suitable for pub- 
lication in this department, and to send us solutions to 
problems posed by other peoples’ questions. 


Here is last month’s question, to which we have received 
no answers: 


Dear Sir: 

In the design of a high temperature walk-in cham- 
ber, a problem has been encountered with bearing 
lubrication. The design of the chamber is such as to 
require mounting the bearings inside the chamber 


where the air temperature is between +500°F and 
—100°F with an altitude of 100,000 feet. 

The question is — does anyone know of a lubri- 
cant which will retain its lubricating qualities to 
+550°F, still have reasonably low torque at —100°F, 
and be unaffected by the combination of high alti- 
tude and high temperature? 


H. C. Jones, Sr. Engr. 


Environmental Test Section 
Air Arm Div. 


Westinghouse Electric Corp. 


Can You Answer This One? 


Dear Sir: 


I'm wondering if you can help us with a problem 
concerning operational personnel for high or low tem- 
perature walk-in chamber. 


Several sources have recommended maximum per- 
sonnel exposure times in these chambers and maxi- 
mum frequency intervals. 


Could you tell us where and how to obtain any legal 
or medical rulings on this problem? 


C. G. Stradling 
Kearfott Company, Inc. 


NOTE: Please address replies to this and to last 
month’s question to the attention of the editor. 


IEE First Annual Meeting, La Salle Hotel, Chi- 
cago, April 25 and 26. Program announce- 
ment on page 2. Hotel reservation card 


enclosed with this issue of the quarterly. 


Don’t be Puzzled 


Small chambers, 
large chambers, 
DEAN Evaporator 
Plates do a de- 

pendable 
vide measura- 
ince. 


DEAN Tailored” Stainless Steel 


Evaporator Plates for your Altitude Test 
: Chambers and Cold Wall Boxes 


SOME OF THE LEADING FIRMS USING DEAN COLD PLATES 


American Instrument Co., Inc. Refri ti tems, | 
Plates available in stain Research Corp. > Stan rd Cabinet Co. 
less steel, monel, or zinc- co, Inc. rdite ‘enne ngineering 1°. 
Bowser, Inc. Harris Refrigeration Co. T ctic T ture 
metallized. Special cir Carrier C Hieatt Engineering Co. Webber Mfg. Co 


Cincinnati Sub-Zero Products Hudson Bay Division of Labline, inc. | Worthington —" 
Cook Electric Co. Corp. York Corp. 


International Radiant 
Write for technical data book 


le DEAN PRODUCTS, INC. 1042 Dean St., Brooklyn 38, N.Y. STerling 9-5400 


Circle 711 on Page 20. 


First Quarter 1957 


7 
g SNy)\ 2 Bi | 4 
4 Do it the Modern Way 
e hy 
| 5 
8. 
| 
— 


Down through the years almost everyone working with 
atmospheric properties in the United States has made use 
of he NACA (National Advisory Commitee for Aeronau- 
tics) Report 218, “Standard Atmosphere — Tables and 
Data,” by Walter S. Diehl. Other countries of the world 
also adopted arbitary standard atmospheres, and for many 
years no difficulty resulted from this situation. 

With the advent of international air travel, problems 
arose. For example, instruments calibrated to different 
standards gave varied readings that could have resulted 
in dangerous flight conditions, and thus in 1952 the ICAO 
(International Civil Aviation Organization) adopted a 
Standard Atmosphere* to be used by all participating 
nations. The ICAO Standard Atmosphere differs but 
slightly from the NACA Standard, but since it does differ 
the long-accepted Standard must give way to the one 
which, by agreement, is acceptable to many nations. 

In June 1953, the Air Research and Development Com- 
mand instructed the Air Force Cambridge Research Cen- 
ter, in coordination with the Wright Air Development 
Center, to establish standard and model amosphere tables 
to meet the needs of the Air Force. These tables were to 
be consistent with the then newly adopted ICAO Standard 
Atmosphere Tables. 

In July 1953, organizations and individuals actively 
interested in upward extensions of the standard atmos- 
phere were invited to attend a meeting at the Cambridge 
Research Center in October 1953 for the purpose of or- 
ganizing a group of civilian and military engineers and 
scientists that would meet periodically for approval of 
such extensions. 

The list of organizations that sent representatives is 
long and impressive and included: 

Air Research and Development Command; Air Weather 
Service, MATS; Ballistics Research Laboratory, Army 
Proving Ground; Harvard College Observatory; ICAO; 
NACA; National Bureau of Standards; Naval Research 
Laboratory; The Rand Corporation; etc. 


Working Group Formed 

A small working group was selected and was asked to 
make recommendations to the parent group for an exten- 
sion above 20 kilometers of the standard atmosphere to 
include: 


Maximum Height to which the standard would be ex- 
tended. (Tentative extensions above the level of rec- 
ommended standardization were to be included.) 


NEW STANDARD ATMOSPHERE ADOPTED 
ONE MILLION FEET 


WILLIAM A. SCHOLL 
Environmental Criteria Branch 
Wright Air Development Center 


Temperature-height curve. 
Type of vertical ordinate. 
Height intervals. 
Parameters. 
Physical constants to be used in computing the para- 
meters, dependent upon the temperature-height curve. 
Constants for conversion from English to metric units. 
Appendices to be included to increase the value of the 
standard to the users, such as deviations, extremes, etc. 
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Figure 1. Abbreviated table and graph 
of the “1956 ARDC Model Atmosphere.” 


This Working Group has since made its recommenda 
tions to the parent Committee, and the Cambridge Re 
search Center is now in the process of publishing the Dat 
and Tables as two reports: 


An Air Force Survey in Geophysics, Cambridge Researc 
Center Technical Note entitled, “1956 ARDC Mode 
Atmosphere.” 

A Government Printing Office publication entitled 
“The United States Standard Atmosphere,” datet 
1956. 


Identical to U. S. Standard 
These two atmosphere tables will be identical to th 


*ICAO Document 7488, Manual of the ICAO Standard Atmosph 
Montreal, Canada, 1954. 
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limit of the U.S. Standard Atmosphere. Two documents 
are being published instead of one because the Working 
Group recommended the following breakdown of the 
atmosphere tables, denoting levels of confidence: 


“Standard Atmosphere” — From 0 to 32 Std Gp Km 
(Standard Geopotential Kilometers) (0 to 104,992 
Std Gp Feet). 


“Tentative Atmosphere” — From 32 to 75 Std Gp Km 
(104,992 to 246,075 Std Gp Feet). 


“Speculative Atmosphere” — From 75 to 300 Std Gp Km 
(246,075 to 984,300 Std Gp Feet) . 


The “1956 ARDC Model Atmosphere” is being pub- 
lished to meet the Air Force requirement to extend the 
state of the atmosphere to even greater heights. 


Publication of the “1956 ARDC Model Atmosphere” 
will provide the Air Force and other users of atmosphere 
tables a model atmosphere consistent with the Standard 
but extending to 500 Std Gp Km (1,640,500 Std Gp Feet) . 


.§ Figure | is an abbreviated table and graph of the “1956 


ARDC Model Atmosphere.” 


Because we have discussed a number of different docu- 
ments with regard to atmosphere tables, the notion may 
arise that there still is no universal standard atmosphere. 
However, the “1956 ARDC Model Atmosphere” and the 
“United States Standard Atmosphere” are consistent with 


the following documents up to 65,800 Std Gp Feet: 


ICAO Document 7488, “Manual of the ICAO Standard 
Atmosphere,” Montreal, Canada, 1954. 


NACA Technical Note 3182, “Manual of the ICAO 
Standard Atmosphere Calculations by the NACA,” 


ICAO, Montreal, Canada, and Langley Aeronautical - 


Laboratory, Langley Field, Virginia, 1954. 


NACA Technical Report 1235, “Standard Atmosphere 
Tables and Data for Altitudes to 65,800 Feet — 1955.” 


NACA Adopts Standard 


The NACA officially adopted the ICAO Standard At- 
mosphere on November 20, 1952, and the ICAO Standard 
Atmosphere superseded NACA Report 218, “Standard 
Atmosphere — Tables and Data,” as of that date. The 
proposed extension to the standard atmosphere was ofh- 
cially adopted by the United States Committee in August 
1956, and consequently the Air Force is adopting the 
United States Standard Atmosphere 1956, for contractual 
work requiring standard atmosphere tables above 65,000 
Std Gp Feet, up to and including 984,300 Std Gp Feet. 
For altitudes up to and including 1,640,500 Std Gp Feet, 
the “1956 ARDC Model Atmosphere” will be used. 


The Air Force is not requiring contractors to recompute 
all performance data now on record, but for any new con- 
tract work, the performance calculations will be based on 
the officially adopted Standard Atmosphere Tables. 


ALPHA 
ELECTRIC REFRIGERATION CO. 
Environmental Chambers for — 
HEAT — COLD | 
HUMIDITY — ALTITUDE 
Production and Custom Built Models 
ALPHA ELECTRIC REFRIGERATION CO. 
First Quarter 1957 9 
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NORMAN MEYERS, Stratos Div., Fairchild Engine Airplane Corp. 


Storing liquid oxygen can be like carrying mercury 
on a fork. This article spot-lights problems 
facing the test engineer who must store and handle 


The use of liquid oxygen with hydrocarbons as a source 
of high energy fuel has already come into being in the 
rocket industry. The resulting problems of the test equip- 
ment engineers have just begun. Handling and storage 
of liquid oxygen, needless to say, will require special 
techniques to be developed only by experience. My inten- 
tion here is to point out some of the basic problems to 
be faced in the design of test facilities capable of handling 
these substances, 


At ordinary temperatures it is impossible to keep oxygen 
liquified indefinitely because of its low critical tempera- 
ture. Above the critical temperature no amount of pres- 
sure will cause it to liquify. At one atmosphere, liquid 
oxygen boils at —296°F. It reaches the solid state at 
—361°F. The critical temperature is —182°F. Therefore, 
liquid oxygen cannot be maintained in its liquid state 
for prolonged periods when the ambient temperature is 
greater than —182°F. For this reason the substance should 
never be left in a closed or unvented container. If left 
in such a container, a violent explosion will occur due 
to the tremendous pressure increases caused by the evap- 
orating liquid. 


Evaporation Losses 


To cut down evaporation losses, liquid oxygen should 
be stored in carefully insulated containers. These vessels 
are most efhcient when an evacuated jacket is used and 
is surrounded by a lagging of the insulating material 
Santocell. Santocell is a specially developed insulator for 
cryogenic applications. 

Without vacuum-jacket protection, the evaporation 
losses in either static or dynamic conditions run about 
70 percent by volume in a 24-hour period. With a vacuum- 
jacket, the evaporation rate is cut down to a low | percent 
by volume in a 24-hour period. The vacuum method can 


Mr. Meyers is a project engineer at Stratos 
with the chief duty of facility planning. He 
received the Bachelor of Science degree in 
mechanical engineering from New York Uni- 
versity in 1947, and is a member of the Amer- 
ican Rocket Society, the Institute of the 
Aeronautical Sciences, and the Institute of 
Environmental Engineers. 


Designing Test Facilities for Liquid Oxyge 


liquid oxygen in rocket test facilities... 


also be employed in the piping system. This is discussed 
further along in the article. 


Hypothetical Case 

Let us now take a hypothetical case, and go through th 
steps of designing a test facility. Assume that a pumy 
capable of supplying a continuous flow of liquid oxyge 
under varying suction heads, and capable of developing 
a certain head for a missile application, is to be full 
proven by complete testing. This means that the tes 
equipment engineer must be able to simulate all stati 
and dynamic conditions the pump will experience in 
missile during operation. 

Now let us assume that the specifications on the puny 
design call for it to operate at a suction range of 50 to If 
psia, and to be capable of developing a head of 3,000 feet 
with an inlet temperature of —296°F. (Whether thé 
pump is turbine or motor driven is of no concern, as thi 
discussion is on liquid aspects only.) Let us say that t 


pump must deliver 50 gpm (gallons per minute) com 


tinuously. 

Our next approach is to analyze the complete progra 
and then define a specific method by which we can me 
the specification. We know that a commercially obtai 
able storage tank is needed for the liquid oxygen itself 
We know that pump suction conditions must be variec 
and also that the discharge must be throttled so that w 
can control he head. Proper instrumenation must 
selected so that the entire system can be recorded a 
controlled. Cryogenic valves and controllers are availab 
commercially to complete the basic equipment needs ¢ 
our facility. 

Now let us go into more detail on the major problew 
that arise, as they are now clearly defined. First, we ha 
to insure the state of the oxygen — we have to maintai 
it as a liquid from the storage vessel through the pipi 
system to the test pump. Secondly, flow, pressure, a 
temperature must be accurately controlled. 


Nitrogen Gas for Regulation 

For regulating pressure and flow, nitrogen gas, which 
very inert, provides one of the most economical al 
easily controllable means.It is available in large or sm 
(Continued on Page 16) 
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GENERAL TESTING 
LABORATORIES, INC. — 
offers complete facilities for ; 
testing your products under all 

Model LHA-31-FS of the environmental condi- 
, tions of MIL-E-5272A and 
High-Low Temperature Chamber 
with Portable Altitude Testing Section 
Full program control on both temperature and altitude. The 8 cu. cilities include: 
usse@ ft. altitude test unit is used for ambient altitude testing and can be 
inserted in the 31 cu. ft. temperature test chamber for low tempera- 
ture altitude testing. Designed for —100° F. with rapid temperature epee 
reduction and close temperature control. Altitude simulation is Temperature-Altitude a. 
ch tha provided to 200,000 feet with controlled climb and dive. Humidity is : * BY 
pum controlled from 35° to 175° F., 20% to 95% r-h. Humidity i = 
xyge Chest Type Low-Temperature 
Cabinet 
full Fungus 
e tes Available in sizes from 2 
f to 30 cu. ft. net working Rain 
stati 
> in furnished to customer Vibration 
specifications. Tempera- 
puny ture range to —100° F. Explosion 
10 Capacity for rapid tem- 
to perature reduction. Shock 
0 fee 
r the Sand and Dust +. 
as thi Model L-3-TS a 
at t Salt Spray 
) com Low-High Temperature Sunshine ei 
Chamber with Controlled Radio Noise 
1 me Humidity 
yee Supplied in sizes from 2 to ve 
itsel ast weeling Write or call us about your en- 
varie 
space, these chambers 
hat w operate to —100° F at rapid vironmental test problems aia 
ust] reduction rate and pro- we will be ha to assist you e 
an@ vide controlled humidity 
ailablj through a range of 35 to in their solution. ig 
@ 175° F at 20 to 95% r-h. Full 
controls available. Model LHH-FS 
oblen Equipment available to meet U. S. Govt. specs for environmental bd 
‘e hav) testing. Electronic or pneumatic recording or indicating control 
aintail, ‘ystems. Walk-in rooms, temperature baths and custom chambers 
manufactured to specifications. Optional finishes in hammertone, GENERAL TESTING 
P!P™® aluminum or stainless steel. Rounded corners standard on all = 1 
Manufacturers of Environmental Test Equipment Since 1941 | 
MEMBER of Environmental Equipment Institute 65 Washington Avenue : ( 
vhich Carlstadt, N. J. 
al a 49 Washington Avenue 
St Carlstadt, New Jersey 
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Introducing 


TENNEY ENGINEERING CO. 


Tenney Engineering, Inc., is the world’s oldest manu- 
facturer of environmental equipment. It has had the long- 
est experience in the scientific specialties and maintains a 
large technical and scientific staff for carrying on the 
basic research, development, and fabrication of environ- 
mental equipment. Tenney is a typical example of the 
rapid growth that has occurred in a field still in its infancy 
and just recently recognized as an industry — the environ- 
mental equipment industry. 


Ne 

This is the first in a series of thumb-nail is 

sketches of the members of the Environmental ro 
Equipment Institute. 
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augment its specialized engineering staff. Research in en Fee 

vironmental fields was carried on constantly. quency 

When the National preparedness program receivedEQ Di 

sharp impetus from the Korean action, Tenney Engineer Cir 

ing expanded again in the service of Government and ing VIB 

dustry. Today’s specifications take into account extremé neat 

of high and low temperatures impossible to achieve a few, ri 

brief years ago, and the outlook seems to warrant evel) ¢j, 

more drastic changes. VIB 


In the thirties, the company applied its engineering and 
manufacturing experience in temperature and humidity 
control to urgent laboratory research and the development 
of prototype test equipment. The bakery equipment orig- 
inally manufactured quickly gave way to the requirements 
of a new era. By the onset of World War II, Tenney was 
already engaged in high-priority production work for all 
of the Armed Forces requiring environmental equipment. 

Of course, in those days it wasn’t even designated as 
“environmental equipment.” The user wanted “ice boxes” 
for low temperature, and —40°F was a very rigid specifica- 
tion. Failures of expensive war material and loss of pre- 
cious lives made it mandatory that test units be devised, 
and on a crash basis. Progress in this field was steady. 


After World War II the company maintained its know- 
how, and added considerably to plant and personnel, using 
the rapidly-growing commercial refrigeration division to 


Tenney constantly increases its plant facilities, machin 
ery, and equipment, and its engineering, production, ané 
service organization to satisfy the growing demand for it 


matic 
motion 
rovia, 


services. Sales in each month of 1956 exceeded annua “* 
sales in WW II days. ENC 
Just 10 years ago a handful of technical personnel coult wah 
assume full responsibility for Tenney’s engineering ant 
production, reporting directly to the president, Monro aoe 
Seligman. Today Dr. Bruno Sachs, V.P., is in charge 6 3 
engineering and production. A full staff of engineers wor Bag 
under Chief Engineer Bernard Friedman. Manufacturing penal 
is headed up by Seymour Sternbach, Manufacturing Mat cludes 
ager. Sales development is headed up by R. H. Browtg the te 
Vice President, with a staff of sales engineers fully cog Phila 
nizant of field requirements, and factory-indoctrinate§ Loy 
engineer manufacturing representatives cover the entit for no 
(Continued on Page 20) ak 
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New Lileraline 


News of literature of interest in the environmental field 
is weleomed by the editor. Send releases to the Envi- 
ronmental Quarterly, 9 Spring Street, Princeton, N. J. 


Proceedings of 2nd Annual Meeting, Science Section, Environmental 
iquipment Institute (now the Institute of Environmental Engineers) . 
imited mimeographed edition being published in two volumes at 
10.00 for both. Volume I available March 15th. Mailed automatically 
it no further cost to all who attended the Annual Meeting and to 
hose who were members in good standing of the Science Section on or 
vefore April 20, 1956, but did not attend. Send orders to IEE, 9 Spring 
street, Princeton, New Jersey. 


VACUUM PUMPS 


Bulletin 9. Vacuum pumps with information for the lab planning 
nstallation of high vacuum systems; price list. Central Scientific 
EQ Div., 1700 Irving Park Rd., Chicago, Tl. 

Circle 871 on Page 20. 


Bulletin 5H3 describes 3-, 4-, and 5-stage Steam Jet Vacuum 
Pumps and Vacuum Boosters, condensing and non-condensing. Schutte 
and Koerting Co., EQ Div., Cornwells Heights, Bucks County, Pa. 

Circle 881 on Page 20. 


Catalog 752. Vacuum processing data on Stokes high vacuum pumps; 
pecs, formulas, constants, conversion factors, solutions to pump selec- 
tion problems. F. J. Stokes Corp., EQ Div., 5500 Tabor Rd., Phila. 
20, Pa. 


Circle 891 on Page 20. 


VIBRATION ANALYSIS. Bulletin No. 124E presents pickups and 
meters for precise vibration analysis. Includes table of natural fre- 
quency, damping, d-c coil resistance, etc., of pickups. MB Mfg. Co., 
EQ Div., 1057 State St., New Haven 11, Conn. 

Circle 911 on Page 20. 


VIBRATION METER. Type 1-128. Displacement readings on 500- 
microampere meter appear calibrated in tenths to read from zero to 
five mils on the XI range. Bulletin 1566, Consolidated Electrodynamics 
Corp., EQ Div., 300 North Sierra Madre Villa, Pasadena, Calif. 

Circle 901 on Page 20. 


VIBRATION TESTING. Brochure. 103A Slip-Sync provides auto- 
matic synchronization of strobe lights for observing tests in slow 
motion. Chadwick-Helmuth Co., EQ Div., 472 E. Duarte Rd., Mon- 
rovia, Calif. 


Circle 921 on Page 20. 


ENGINEERING SOCIETIES DIRECTORY. Pub. by Engineers 
Joint Council, 29 W. 39 St., New York 18, N. Y. $3.50. Lists name, 


purpose, and secretary of all local, regional, and national societies. ° 


HIGH TEMPERATURE SYMPOSIUM PROCEEDINGS. 218 
pages. Stanford Research Institute, Menlo Park, Calif. $5.00. 


SYMPOSIUM ON IMPACT TESTING. ASTM No. 176. 169 pp. 
$3.50. SELECTED ASTM ENGINEERING MATERIALS STAND- 
ARDS. 370 pages. $4.00. $1.50 to engineering college students. In- 
cludes standards and specifications for frequently-used materials and 
the testing methods. Am. Soc. for Testing Materials, 1916 Race St., 
Philadelphia 3, Pa. 


LOW-FREQUENCY PROBE. Leaflet on “SonoProbe” correlator 
for noise or vibration measurements. Advanced Electronics, Inc., EQ 
Div., 94 Silas Deane Highway, Rocky Hill, Conn. 

Circle 951 on Page 20. 
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Efficiency, Speed Ww 
Keynote NETCO 


Enviromental Testing 


Deliver it right! Deliver it fast! These are the 
modern pressures brought upon modern indus- 
try as the demand for ultimate defense and 
retaliatory weapons increases in urgency and 
tempo. As a result, industry can not afford bot- 
tlenecks, no matter where these would occur — 
in development, in manufacture, in final test 


phases or in delivery. Unfortunately, the lack of * + 
ACCESSIBLE testing facilities often means a — 


problem of delayed production or development 
—causing schedule delays of weeks, even months. 

Here at NETCO—New England Testing 
Company — we help industry meet the problem 
of bottlenecks, head on! We provide a complete 
range of environmental test facilities ... WHEN 
YOU NEED THEM. Under our program of 
continual expansion we have doubled and, in 
many cases, tripled our volume of work capacity 
within the last year. Regardless of the nature of 
your test requirements you may be certain that 
NETCO will handle your project with a maxi- 
mum of efficiency and speed. 

Facilities are currenly available to conduct 
CERTIFIED qualification tests to all phases of 
MIL E 5272A and most other military and com- 
mercial specifications. Fully equipped electronic 
and mechanical testing divisions, plus a wide eo” 
variety of power supplies, offer the convenience aa: 
of meeting all your testing requirements AT 
ONE LOCATION. 

Whether you are faced with testing the small- 
est component or a complete missile system, our 
experienced staff will welcome the opportunity 
to discuss your requirements. For additional in- 
formation and a complete list of our test facili- 
ties, please write or call... 


NEW ENGLAND TESTING CO. 


a division of 
YORK RESEARCH CORPORATION 
1 Research Drive « Stamford, Connecticut 
STAMFORD Fireside 8-3088 
NEW HAVEN CHestnut 8-5581 
BOSTON Bigelow 4-4790 (Newton list exchange) 
Circle 751 on Page 20. 
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STEAM JET VACUUM PUMPING 


(Continued from Page 6) 


parts that have to be replaced in order to maintain design 
capacity. Wet steam will occasionally erode the steam 
nozzle, but this is easily and simply replaced. Corrosion 
resistant jets are available if corrosive gases are to be 
pumped. 


Rate of Climb 


The rate of climb of the system depends upon the vol- 
ume of the chamber and the characteristic curve (Fig. 4) 
for the particular jet system installed.6 In general, the 
rate of climb for jet pumps is less than that for equivalent 
mechanical pumps up to the point where staging is re- 
quired. Beyond this altitude, the jet pumps, retaining their 
efficiency, actually exhibit a rising rate-oi-climb charac- 
teristic, that is, as the altitude increases, the rate of climb 
increases. This is true because the mass of gas removed 
from the chamber per unit of time remains relatively 
constant until the design point of the stage system is 
passed. Even in single-stage operation, the difference in 
pump-down time in comparison with mechanical pumps 
is small except in very large chambers (4,009 cubic feet or 
more). Where pump-down time is an important factor, 
an additional second-stage booster jet (Curve 4, Fig. 3) 
that is more efficient at lower altitudes can be installed. 
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Figure 5. Simplified schematic of two- 
stage steam jet ejector condensing system. 
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APPROXIMATE COST - DOLLARS 

Data: Courtesy the Elliott Co. 
Figure 6. Comparative costs for two-stage condens- 
ing and non-condensing steam jet ejetcor systems. 


It is used only during pump-out and is cut out when its 
own particular shut-off altitude is reached. 


Future Possibilities 


A steam jet system is readily adaptable for future mod- 
ernization. Increased flows within the design altitude 
limits of a system can be obtained by paralleling jets. 
Higher altitudes can be obtained by three,- four- and 
five-step staging. Five-stage systems have been built that 
can develop a suction pressure of .003 inch hg, or the 
equivalent of about 250,000 feet altitude. In either case, 
the increased capacity requires only additional steam and 
ejectors. 


Summary 
A steam jet system used to simulate altitude in an alti 
tude chamber has many advantages: 
1) low first cost 
2) low maintenance costs 
3) high mass flows possible at high altitudes 
4) little floor space required 
5) can be installed outdoors 
6) can accommodate any type of gas 


Its disadvantages are: 
1) high steam flows required 
2) large quantities of cooling water required (con 
densing system only) 
3) slower rate of climb at the lower altitudes 


The actual selection of the ejector system depends upon 
many factors. The data presented here are intended only 
as a guide. Accurate definition of the chamber’s require. 
ments, plus close cooperation with the jet manufacturer 
will result in the best design for a particular application. 


Notes 


1. “Design of Vacuum Equipment,” David Ettelman, 
Environmental Quarterly, second quarter 1956. 


(Continued on Page 21) 
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NEW BOWSER EXPLOSION CHAMBER 


A SELF CONTAINED UNIT FOR CONDUCTING . 
EXPLOSIVE ATMOSPHERE TESTS UNDER SPEC. MIL-E-5272A. 


The new Bowser explosion chamber consists of a steel chamber ASME coded for 
150 Ibs. working pressure. Steel door works on ball bearing hinges with safety rim 
lock which prevents firing of the chamber unless door is fully latched — positive act- 
ing ignition is actuated by a switch and cable for remote firing — Amphenol con- 
nector pad and viewing port facilitate testing. Shock-mounted instrument panel 
contains altitude, temperature, pressure, and gas flow meters as well as control 
valves and fittings for connection of gas supply. Poppet type pressure relief ports 
for explosion release are located on top of chamber. Vacuum equipment is located 
in the frame beneath the chamber and totally enclosed. Entire unit mounted on 
casters is readily movable and may be held stationary with truck locks mounted 
beneath the base frame. 


A new look in the ever expanding line of 
BOWSER ENVIRONMENTAL TESTING EQUIP- 
MENT engineered to better serve our reli- 


ability program. 


DIVISION OF BOWSER INC. @ TERRYVILLE, CONNECTICUT 


ee Circle 761 on Page 20. 
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. used and how they should not be used. 
(Continued from Page 3) 


They will reveal data to show how salt-spray test results can be 


“A CRITICAL ANALYSIS OF THE SALT SPRAY TEST” 
by Carl Durbin, Chrysler Engineering Division, and Walter 
Cavanaugh, Parker Rust-Proof Company 


The authors will review the history of salt-spray testing, dis- 
cuss standard test procedures, and present the effects of results. 


Session H (Lincoln-Douglas Room) : “RADIO FREQUENCY 
ENVIRONMENT” by W. W. Hill, Westinghouse Air Arm 
Division 
“RADIO NOISE TESTING” (to be announced) 
(Continued on Page 19) 


COMPANY 
April 25 April 26 Both 
MEMBERS OF IEE O $12.50 0 $12.50 0 $17.50 
NON-MEMBERS $20.00 $20.00 $30.00 


9 Spring Street 


First Quarter 1957 


Please indicate preferred sessions. We need this information for estimating seating facilities. 


THURS. APRIL 25 


FACILITY 
TRIP SESSIONS 
Ol oc 


Make checks payable and mail, together with registration form, to: 
Dr. George D. Wilkinson, General Manager 
INSTITUTE OF ENVIRONMENTAL ENGINEERS 


Princeton, New Jersey 


FRI. APRIL 26 
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FACILITIES FOR LIQUID OXYGEN 


(Continued from Page 10) 


quantities at pressures up to 3,000 psi, and to manifold 
a complete gas pressurization system wit: pressure reduc- 
ing stations at various branches is relativeiy simple. ‘This 
gas has a dual purpose in that not only do we vary our 
flow conditions, but the increase in pressure on the liquid 
oxygen raises the boiling point, which helps us maintain 
the liquid state more readily. (Assuming a pressure of 
85 psia, the liquid oxygen will not boil until the tempera- 
ture is increased to —280°F, as compared with boiling at 
—296°F at a pressure of 14.7 psia, A, of 160°. 


Vacuum-jacketing The Piping 


Next comes the problem of vacuum-jacketing the piping 
from the storage vessel to the pump. This type of installa- 
tion is by far the safest way of protecting the pump. This 
statement can be explained best as follows: if proper 
insulation on the piping system is not practiced, then the 
oxygen will vaporize in the dynamic operation of the sys- 
tem due to the tremendous /\, between the surrounding 
atmosphere and the piping. By the time the oxygen 
reaches the pump, it will have gained a temperature above 
the critical (—182°F) and the pump will cavitate, so we 
can now see the importance of vacuum-jacketing the 
piping system. However, this may prove too costly and 
not too readily obtainable. We can overcome this by doing 
the next best thing — sub-cooling. 


A heat exchanger can be incorporated in the system 
between the storage vessel and the test pump. The ex- 


changer need no be any more than a coil of pipe arranged 
in a serpentine design, immersed in a bath of liquid 
nitrogen. The bath will be used as our heat transfer 
medium, as its temperature at boiling is a low —320°F. 
This will sufficiently reduce the temperature of the oxygen 
as it passes through the sub-cooler, that we can be assured 
of its maintaining the liquid state. 


$3388 


° 


“320-310-300 06-270 «6-860 «6-230 06-840 «6-830 «6-880 210 
- 


Figure 1. Vapor pressure vs. temperature. 


Ample relief valves should be provided so as to alle 
the gases — and there will always be some — to escape 
the atmosphere. It is good practice to relieve all hig 
points in the system. 


Handling Precautions 


Liquid oxygen in itself is non-corrosive and non-toxig 


nor is it explosive by itself, but it will support combu 
tion. Here is a list of handling precautions that should b 
followed in the operation of a facility of this type. 


DENSITY - 


TEMPERATURE -°F 


Figure 2. Density vs. temperature. 


1. Do not expose oil or grease to gaseous oxygen. 
you do, the mixture will explode spontaneously. 


2. Do not mix oil or grease with liquid oxygen. T 
mixture is explosive. 

3. Loosely packed organic materials such as cloth, wast 
cotton and finely divided substances like aluminu 
powder and steel wool, mixed with oxygen burn wi 
explosive violence. 


4. Do not smoke, and keep away from open flamé 
sparks, and heaters. When handling liquid oxygen. ° 
gaseous oxygen may saturate your clothing and cau 
it to become highly inflammable. 


5. Keep all flames and sparks away from liquid oxyg¢ 
storage areas. Use non-sparking tools in these areas. 


6. Do not let liquid oxygen contact any part of yo 
body. It will freeze flesh. 


7. Do not allow gaseous oxygen to mix with vapo 
from any solvents (except carbon tetrachloride) . Mi 
tures of oxygen gas with vapors of alcohol, naphtha, : 
vents, acetone, aniline, benzene, gasoline, kerosene, et 
are very highly explosive. 

8. All liquid oxygen tanks should be vented to 
atmosphere. 

9. The complete facility should be flushed with carbe 
tetrachloride periodically. This is to prevent the 
cumulation of oil and grease, which may be injecté 
through the liquid oxygen when charging systems. 
10. Do not introduce any rubber tubing into vacuut 
containers, because at liquid oxygen temperatures ru 
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ber becomes brittle, and pieces may break off and ob- 


openings. 


Selection of Piping Material 


In conclusion, I would like to point out that copper 
ubing is convenient for piping. Most materials, including 
some metals, become brittle at liquid oxygen temperatures 
nd do not have the resistance to impact or sudden shock 
hat they have at ambient temperatures. Some common 
materials that become brittle at very low temperatures 
ure carbon steel, iron, and of course, plastics. The follow- 
ing materials are satisfactory for use at the low tempera- 
ture and are arranged with the least brittle first: 


1. pure nickel 

2. monel 

3. inconel 

4. copper 

5. aluminum 

6. 18-8 low carbon stainless steel 
. annealed brass 


IEE LOCAL CHAPTER NEWS 


EDITOR'S NOTE: Mr. Meyers offers to acknowledge all questions 
and comments regarding anything he has touched upon in this article. 


NEW YORK CITY-—Lt. Col. Woodrow C. Marcus, Wright Air Devel... 
opment Center, addressed several hundred members and guests of 
the New York Metropolitan Chapter of the IEE on the subject of 
“Future Trends of Aircraft as Applied to Environmental Testing” on 
Thursday, March 7. The occasion was the Spring Dinner Meeting of 
the New York Chapter and the place was the Garden City Hotel, 
Garden City, L. L, N. Y. Host to the meeting was Stratos Division of 
Fairchild Engine and Airplane Company. 

According to Mr. Bernard Friedman, Program Chairman of the 
IEE Chapter, and Chief Engineer of Tenney Engineering Inc., the 
highly successful meeting was attended by engineers, scientists, and 
others from New York, New Jersey, Pennsylvania, the New England 
states, and from other parts of the country. 


DETROIT—The first meeting called by the Steering Committee for 
the Detroit Local Chapter of the IEE was held on Tuesday, February 
19. The Committee is composed of Mr. Arthur Billet, Vickers In- 
corporated, and Mr. Charles E. Earl, Pres., Alpha Electric Refrig- 
eration Co. 

Othér local chapters are now being formed in Ottawa, Canada; 

Los Angeles, Calif.; Boston, Mass.; Baltimore, Md.; Chicago, Ill.; and 
Philadelphia, Penna. 
NEW YORK CITY—Mr. George O. Poyet, of the Armed Services 
Electro Standards Agency, spoke to the New York Metropolitan Chap- 
ter of the IEE on “The Qualification Inspection Program of ASESA” 
on January 24. The meeting was attended by about seventy-five mem- 
bers and guests. 


ALT SERIES 


for completely AUTOMATIC 
ENVIRONMENTAL 
TEST EQUIPMENT 


in any combination 


SAND & DUST 


For testing under condi- 
tions of Sand & Dust, 
standard chambers are 


yo 


supplied with test space 
from 8 cu. ft. to 80 cu. ft. . 
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Provides simolated Altitude 

from sea level to 80,000 feet 

or higher, Temperatures from —100° F or 

lower to +500° F or higher, and Relative Humidity from 20% to 

95%. Standard models available with rectangular test space from 

5 cu. ft. to 64 cu. ft. Features include air circulation, water cooled 
condensers, safety thermostat. 


Streamlined design mini- 
mizes air side pressure 
drop. Furnished complete 
with initial dust supply, 
factory preset air ve- 
locity, and temperature, 
humidity, air velocity and 
dust density indicators. 


Also ufacte of Temperature, Humidity, Rain and Sunshine, Explosion, Fungus, Special Liquid Chilling and other types of Environmental Test Equipment. ry 


AMERICAN REISTARCH CORPORATION 


FARMINGTON 3, CONNECTICUT 
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Circle 771 on Page 20. 
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NIEW PIRODUCTS 


News of product developments are welcomed by the 
editor. Send releases to the Environmenta! Quarterly, 
9 Spring Street, Princeton, N. J. 


CAMERA FOR HIGH NOISE ENVIRONMENTS. Kay Lab, EQ 
Div., 5725 Kearny Villa Rd., San Diego 11, Calif., announces a rugged- 
ized TV camera and acoustical housing, suited for rocket and jet 
engine test facilities, rocket launching sites, etc. The housing provides 
about 45 db of isolation. 

Circle 961 on Page 20. 

SUBMINIATURE PRESSURE TRANSDUCER. New SLM pre- 
sure transducers, 14 in. diameter by 14 in. long, have response time in 
the order of | micro-sec and cover a range of pressures from 0.01 to 
100,000 psi. Measure steady and slowly varying pressures as well as 
very fast pressure transients. Available in 4 models: blast gage, shock- 
tube gage, ballistics gage, and hyperballistics gage. Kistler Instru- 
ment Co., EQ Div., 15 Webster St., North Tonawanda, N. Y. 

Circle 971 on Page 20. 

NEW “HYDRASHAKER” uses electronically actuated hydraulic 
power amplification; accelerations to 100G with 0.2” displacement; 
20,000-Ib. block force; frequency range of 5 to 2,000 cps. Wyle Mfg. 
Corp., EQ Div., 124 Maryland St., El Segumdo, Calif. 

Circle 981 on Page 20. 

STRAND BURNER to measure burning rates of explosive and jet 
and rocket fuels to the closest .01 sec in nitrogen atmosphere and 
under high pressure is offered by American Instrument Co., EQ Div., 
Silver Spring, Md. Four models are available with these variations in 


pressure ratings: 19,000; 3,000; 7,500; and 2,000 psi. Chamber where [EE 


sample strands are burned is pressurized directly from commercial 
nitrogen cylinders for tests under 2,000 psi or by means of an oil 
displacement pump that compresses and stores gas in compression 
cylinders until needed. 


Circle 991 on Page 20. 


NEW “MODELS M-142B, M-191 AND M-198 ACCELEROM. 
ETERS” measure transient vibrations 10 to 80,000 cps. Reveal high- 
order harmonic components of vibrations and are sensitive only t 
axial component of vibration. Massa Laboratories, Inc., EQ Div. 
Hingham, Mass. 

Circle 1001 on Page 20. 

ROCKET FLIGHT SIMULATOR. An automatic test system thal 
subjects devices to the acceleration and deceleration forces of rocket 
and missile flights. Consists of acceleration-deceleration, program, and 
data recording units. A device can be accelerated from 2 to 125 g’s in 
200 milliseconds. Minimum braking time, 100 milliseconds. Maximuni 
flight time, 55 sec. The Magnavox Co., EQ Div., Fort Wayne 4, Ind. 

Circle 1021 on Page 20. 

MATERIAL SURVIVES 3,000 F FOR 10 MIN. Test firings of 
rocket motors using a new high-temperature resistant material 
phenolic resin and asbestos — as a liner have subjected the material 
to 3,000 F temperatures for 10 minutes without failure. This material 
molded over a form in an autoclave, has no restriction on the shay 
that can be produced, and the autoclave will handle pieces up te 
10 feet in diameter and 12 feet high. The material can be machined 
like brass, the company says, but carbide tipped tools are needed 
Cutting is done with diamond saws. Tensile strength is estimated 
at about 30,000 psi. with glass reinforcing. Specific gravity is 1.8. Cosi 
of a tube liner 514-in. diameter by 8 feet long — about $200. Haveg 
Industries, EQ Div., Wilmington 8, Del. 

Circle 1031 on Page 20. 


WwW 


Walk-in Room interior dimensions — 10’ x 10’ x 8’ high. 
Removable temperature partition. Each of the two sections can 
be operated at different temperatures. Temperature range 
—100°F. to +400°F. — Altitude — can be built to 100,000 feet or 
higher. — Separate air lock for entrance of personnel without 
upsetting altitude run. — Rain in either or both compartments at 
rate of 4” per hour. — Humidity — 20% to 100%. 

Chamber constructed sectionally for ease of installation. 


and built for 


GREER 


HYDRAULICS, Inc. 


NEW YORK 


ENVIRONMENTAL TEST EQUIPMENT Circle 781 on Page 20. 
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CHAMBERS 


FOR... 


VACUUM OVENS 
HUMIDITY 

HI or LO TEMPERATURE 
SAND & DUST 
SUNSHINE 

e RAIN 

e SALT SPRAY 

e IMMERSION 

e FUNGUS 

e AIR CONDITIONING 

e DIAPHRAGM EXERCISERS 


IRE SHOW BOOTH e WALK-IN ROOMS 
1225 


e LIQUID HOT & 
COLD BATHS 


INTERNATIONAL RADIANT 


40 Matinecock Ave., Port Washington, N. Y 
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(Continued from Page 15) 


TECHNICAL MEETING COMMITTEE 


CHAIRMAN 
S. Danko 
Motorola Incorporated 


MEMBERS 
Parameters, Incorporated 
Westinghouse Air Arm Division 
Vapor Heating Corporation 
Glenn L. Martin Company 
General Manager, IEE 


R. Amorosi 

H. Jones 

H. Sander 

R. Stallard 

G. D. Wilkinson 


EQUIPMENT CONFERENCE COMMITTEE 


N. Miller Murphy & Miller, Inc. 
R. Jamison Cincinnati Sub-Zero 


The “LT PLOTTER” developed by Insco Div. of Barry Controls, 
Watertown, Mass., plots a complete vibration transmissibility curve in 
strip-chart form during the vibration test cycle for immediate evalua- 
tion of equipment performance by design and laboratory engineers. 
It is an automatic and continuous ratio plotter and saves 50 to 75 
percent of vibration lab testing time. 

For more information, circle 702, p. 20. 


IEE SPONSORS TOUR OF CHICAGO 
UNIVERSITY RESEARCH LABORATORIES 


The two facility trips included on the program of the 
Institute of Environmental Engineers Annual Meeting 
will take groups into the famous laboratories of the . 
Fermi Institute for Nuclear Studies and the Institute for 
the Study of Metals at the University of Chicago. Certain 
tests will be conducted for the benefit of the touring 
groups. The low-temperature laboratory of the Institute 
for the Study of Metals is one of the two largest installa- 
tions in the United States for the production of liquid 
hydrogen and liquid helium. 


GOODYEAR BUILDS RADIATION LAB 


A new radiation laboratory, reportedly the first of its 
kind in the rubber industry, was opened recently by the 
Goodyear ‘Tire and Rubber Company, Akron, Ohio. 

The new lab is designed for the development of rubber 
products that will stand up in a radiation environment. 
The source of radiation is to be radioactive cobalt 60, 
which gives off high-energy X-rays or gamma rays. 

One of the more important projects planned is develop- 
ment of radiation-resistant tires that could be used on 


_ atomic-powered aircraft. 


LOW-TEMPERATURE SYSTEMS 


by HARRIS REFRIGERATION COMPANY 


specialists in the design, 
manufacture and installation of 
environmental-control equipment 


for 


LOW-TEMPERATURE RESEARCH 
Component and material studies 


METAL-WORKING OPERATIONS 
Hardening, stabilizing and 
shrink-fitting 


ENVIRONMENTAL TESTING 
Prototype and production tests 


MEDICAL REFRIGERATION 
Blood, bone, and tissue storage 


HARRIS) 
REFRIGERATION 
COMPANY 


CHILLING CHAMBERS 


HEAVY-DUTY, CHEST-TYPE UNITS FOR METALWORK- 
ING INDUSTRIES — APPLICATIONS IN HARDENING, 
STABILIZING AND SHRINK-FITTING. 


WORKING VOLUME: 10 to 20 cu. ft. 

TEMPERATURE RANGE: —150°F to +200°F. 

TEMPERATURE CONTROL TOLERANCE: +1°F over entire range. 
COOLING CAPACITY: 1500-3000 BTU/hr at —150°F. 
DIMENSIONS: 42” high, 36’ wide, 80’ to 120” long. 
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READER SERVICE COUPON 


(Please Print) 


NAME 


TITLE 


COMPANY 


ADDRESS 


CITY & STATE 


NO. OF EMPLOYEES IN FIRM 


TYPES OF BUSINESS 
OR MAIN PRODUCT 


If you would like MORE ENGINEERING INFORMATION 
on products advertised or described, or for copies of litera- 
ture described in this issue, “circle” the key number and 
mail this coupon. Information will come directly to you. 


701 751 811 871 951 1011 

702 761 821 881 961 1021 

iad 711 771 831 891 971 1031 
w 721 781 841 901 981 
731 791 851 911 991 
741 801 861 921 
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TENNEY ENGINEERING 


(Continued on Page 12) 


country. Saul Schiffman, Treasurer, completes Tenney’ 
top management team. 


Environmental equipment is manufactured at the 
Union, New Jersey, plant, built in 1953 under a govern. 
ment certificate of necessity. The Baltimore plant manu. 
factures refrigeration equipment and some component 
for Union. 


The new building in Union stands on almost 7 acres of 
land, is completely sprinklered, and has 18’ high ceilings 
with clear spans of 40’ in order to accommodate large 
equipment needed for today’s programs. 


Tenney Engineering, Inc., officials have every confidence 
that the next ten years will see advancement in techniques 
and scope unknown today. The Company pledges i 
efforts toward continued research to maintain the level of 
this industry far above that of any foreign power. 


IEE First Annual Meeting, La Salle Hotel, Chi- 
eago, April 25 and 26. Program announce- 
ment on page 2. Hotel reservation card 
enclosed with this issue of the Quarterly. 


STRATOSPHERES TROPIC HEATS 
STRATOSPHERES RELATIVE HUMIDITIES ARCTIC COLDS 
RELATIVE HUMIDITIES 


ARCTIC COLDS 


ALTITUDE CHAMBER 


It’s ENVIRONMENTAL TEST EQUIPMENT 


SIMULATION OF... 


FOR ACCURATE 


For any type of environmental testing desired 
there’s a Tenney Chamber that will do 
it more efficiently and more economically. 
And Tenney Chambers really deliver 
performance dividends, too! 
For example, Tenneyzphere Altitude Chambers 
are custom-designed to simulate every 
atmospheric condition from sea level to over 
200,000 feet; temperature ranges of —150° F 
to +500° F; relative humidity between 
10% and 100%. 
Tenney also supplies complete instrumentation 
including the now-famous Tenney Instrument 
Console which centralizes all controls and 
line hookups on one instrument panel. 
For more information about Tenney 
Environmental Test and Associated Equipment, 
write today. 


ENGINEERS AND MANUFACTURERS OF REFRIGERATION AND ENVIRONMENTAL TEST EQUIPMENT. 


1090 SPRINGFIELD ROAD UNION, NEW JERSEY 
Piants: Union, N. J. and Baltimore, Md. 


Circle 811 on Page 20. 
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STEAM JET VACUUM PUMPING 


(Continued from Page 14) (T = constant) 
. “Rotary Compressors and Vacuum Pumps,” W. L. 


» Bruce and W. A. Schubert, Chemical Engineering, The characteristic curve of the jet system is W as a 
verng june 1956. 


NACA (National Advisory Committee for Aeronau- ot cee Ww 


tics) ‘Technical Note 1120, used for all altitude-pressure 


: : as a function of p, then the area under this new curve 
es Telationships. 


from pl to p2 represents the value of the integral in the 
. “Controlling Ejector Performance,” C. G. Blatchley, above equation. . tend 
Schutte-Koerting Company, Bulletin 10-56. 


enceg). “Steam Jet Ejector Handbook,” W-205-E21, Worthing- BEMCO EXPANDS 
BEMCO, Inc., has recently doubled its Engineering and 
el off 6. To calculate the time to pump out a given chamber to manufacturing facilities by moving to a new and larger 
a pressure p2 the following applies: plant at 11631 Vanowen Street, North Hollywood, Cali- 
fornia. Warren R. Bruskrud, President, announced that 
this will permit BEMCO, Inc., to expand activities in the 


design and manufacture of environmental test facilities 


» = time in seconds 
‘T’ = absolute temperature of chamber air °F 
(assumed constant) 
V = volume of the chamber ft? and equipment. 
R = gas constant; for air, R = 53.3 According to Mr. Bruskrud, there is an increasing de- 
W = rate of flow, Ibs/sec mand for test facilities that simulate the extremes of alti- 
dp = instantaneous change in chamber pressure, - tude, temperature, humidity, and other environmental 
Ibs /ft? conditions. 


HUDSON BAY CO. 


ANUFACTURERS OF LOW TEMPERATURE AND ENVIRONMENTAL EQUIPMENT SINCE 1941 


Test equipment manufactured for Standard. ¥ e 
the above environmental condi- Unita for: 
tions available in sizes from one 
cu. ft. to 40 cu. ft. “CUSTOM” * fe) 

Chambers, Liquid Baths, Chillers, * Low Temperature, Minus 120 F 


Rooms, manufactured to specifica- 
tion. 


* High Temperature, Plus 1000°F 


* Humidity & Temperature, 20% to 95%, 32°F to 200°F 


Member of 


Environmental Equipment Institute * Altitude, 100,000 Ft. and 350,000 Ft. 


HUDSON BAY CO. DIVISION LABLINE INC. 
3070 W. Grand Avenue ° Chicago 22, Illinois 
SAcramento 2-5151 


Circle 801 on Page 20. 
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ALTITUDE SIMULATION HUMIDITY SIMULATION @LOW TEMPERATURE HIGH TEMPERATURE 


MURPHY & MILLER 


Advanced design features, highest quality materi- 
als and superior craftsmanship go into every 
M & M test unit to assure accurate tests and de- 
pendable operation. Before you specify or buy any 
test equipment — see what Murphy & Miller has 
to offer you. 


ALTITUDE SIMULATION UNIT 


@ Altitude Ranges over 200,000 ft. 

@ Temperature Range from +1200°F to 
—120°F 

© Humidity cycle 20% to 95% from +35°F 
to 185°F 


: @ New design — greater capacity per horse- 
power — lower operating cost . . . greater 
MODEL LTA 12 


12 CUBIC FT. TEST SPACE 
- Available in units with 12 to 64 cubic ft. of test 
space, M & M Altitude Simulation Chambers 
-offer every standard and optional feature for 
faster, more flexible testing. Optional features 
include Program Controlled Heating, Cooling 
and Humidity Cycles, Automatic Recorders, 
Special Wiring, etc. etc. 


HUMIDITY TEST CABINET 


@ Provides Relative Humidities between 20% 
and 95% 
@ Temperatures from +185°F to —35°F 
@ Instant response of humidity system in- 
sures accurate testing 
@ Uniform temperature and humidity 
throughout test cycles. 
MODEL H 12 
12 CUBIC FT. 
TEST SPACE 
High capacity heating, refrigeration and 
forced air systems insure fast, accurate tem- 
perature rise and pull-down Program control 
eycle for temperature, humidity and cooling 
available. Models manufactured with test 
spaces to 64 cubic feet. 


NEW SLOPING FRONT UNITS 


Exclusive sloping front for easier view- 
te ing .. . faster loading 
@ Available in single un:ts or combina- 
ls tions 
DRY ICE FUNGUS HUMIDITY 
Compact, portable and inexpensive, M & M 
Slope Front test cabinets are made for low 
temperature (dry ice refrigerant) Fungus, 
humidity testing. Cabinets are fully automati- 
cally controlled. 
Write for illustrated literature and plete specifi 


MURPHY & MILLER, Inc. 


1322 So Michigan Avenve Chicago 5S. Illinois 
Circle 821 on Page 20. 
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— CALENDAR — 


MARCH men 


Am. Inst. of Chem. Engineers, Greenbriar Hotel, Whi 
Sulphur Springs, Va. 
1957 Nuclear Congress and International Atomic Expos 
tion, sponsored by several technical groups, Conventig 
Hall, Philadelphia. 
Gas Dynamics Colloquium, “Turbulent Diffusion @ 
Gases,” Tech. Inst., Northwestern Univ., Evanston, I 
Flight Propulsion Meeting (Classified) , sponsored by 1. 
Hotel Carter, Cleveland, O. 
Military-Industrial Conference, sponsored by The § 
of Am. Military Engineers, Conrad Hilton Hotel, Chicag 
Contact D. A. Sullivan, 72 W. Adams St., Chicago 90. 
Steel Founders Soc. of Am., 55th annual meeting, Drak 
Hotel, Chicago. 
IRE National Convention, Waldorf-Astoria Hotel, N 
York City Coliseum. 
First Military Automation Exposition, New York Trad 
Show Bldg., 500 8th Ave., New York City. For informatic 
write R. Rimbach Associates, 845 Ridge Ave., Pittsburgi 
rz. 
National Conference and Pacific Coast Plastics Expx 
tion, The Soc. of The Plastics Industry, Inc., BiltmomMarv: 
Hotel and Shrine Exposition Hall, Les Angeles. Mich 
Div. of High-Polymer Physics, Am. Physical Soc. meeting§CAR’ 

Univ. of Penn., Philadelphia. Contact Dr. L. Mandelkeni,,. 
Polymer Structure Sect, National Bureau of Standard@, 

Washington 25, D.C. 
Am. Soc. of Tool Engineers, 25th Annual Meeting, Saanj! 
rock-Hilton Hotel, Houston. 
10th Western Metal Exposition and Congress, Am. Sod, 
for Metals and others, Ambassador Hotel and Pan-Pacifi 
Auditorium, Los Angeles. 
Colloquium on Radiation Effects on Materials, sponsore 
by the office of Naval Research and the Glenn L. Marti 
Co., at Johns Hopkins Univ., Baltimore. 


APRIL 


5th Midwest Conf. on Fluid Mechanics and the 3rd Mid 
west Conf. on Solid Mechanics, concurrently at the Unis 
of Michigan, Ann Arbor. 

SAE Aeronautic Meeting and Production Forum, New 
York City. 

Southern District Meeting, Am. Inst. of Electrical Engi 
neers, Hotel Heidelberg, Jackson, Miss. 


American Rocket Soc., Spring meeting, Sheraton-Pa 
Hotel, Washington, D.C. 

Gas Dynamics Colloquium, “A Spherical Shock Tube; 
Tech. Inst., Northwestern Univ., Evanston, III. 

Am. Chem. Soc., National Meeting, Miami. 


Spring Meeting, ASME, Dinkler-Tutwiler Hotel, Birm 
ingham, Ala. 


British Radio and Electronic Component Show, Grosvenot 
House and Park Lane House, London, England. 


Annual Industrial Electronics Educational Conf., IRE! Cer 
Armour Research, Ill. Inst. of Tech., Chicago. 


9th Southwestern IRE Conf. and Electronics Show, Sham: wit 


rock-Hilton Hotel, Houston 1. B.T, 
IRE National Symposium on Telemetering, Philadelphia ing 
Symposium on Nondestructive Tests in the Field ture 
Nuclear Energy, Morrison Hotel, Chicago. wh 
Environmental Equipment Institute, Annual Meeting ane 


La Salle Hotel, Chicago. (Not open to the public.) 
Federal Trade Commission Conference, trade practi¢ 
rules for environmental equipment industry, Chicago. 

2nd National Industrial Research Conf., sponsored by 
Armour Research Foundation, Conrad Hilton Hotel 
Chicago. 

Institute of Environmental Engineers, Annual Tech: 
nical Meeting, La Salle Hotel, Chicago. See page 2 
for program. 
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DIRECTORY OF IEE MEMBERSHIPS 


A list of those who have joined since the last issue of the Environ- 
mental Quarterly. 


WhigMEMBERS 
alifornia 

Expo M A. PAPE, Missile Development Div., No. Am. Aviation, Downey 
pCanada 
Ventl@iyvereTT O. BRAATEN, PSC Applied Research Ltd., 1500 O’Connor Drive Toronto 
16, Ontario 
onnecticut 
EMIL G. ORAVEC, MB Mfg. Co., 1060 State St., New Haven 11 
District of Columbia 
EDWARD W. BULLINGTON, Emerson Research Labs., 701 Lamont St., N.W., 
Washington 
. Lewis F. MALcoLM, Jr., ACF Industries Inc., 508 Kennedy St., N.W., Wash- 
he 0G ington 11 
» 90. HARLES H. BoBICH, Inland Testing Labs., Div. Cook Electric Co., 6401 W. 
f Oakton St., Morton Grove 
. Draliggorce G. Brown, Inland Testing Labs., Div. Cook Electric Co., 6401 W. Oakton 
St., Morton Grove 
DARL R. GOLDEN, Barber Colman Co., Rock St., Rockford 
Maryland 
OMAS J. CARTIN, Westinghouse Electric Corp., Ord. Div., Box 1797, Baltimore 
‘TradJAMes J. KERLEY, JR., Westinghouse Electric Corp., Air Arm Div., Baltimore 
nation: Massachusetts 
sburmlt AVCO Research & Advanced Devel. Div., 16 Shackford Rd., 

eading 
ERALD A. JENSEN, AVCO Mfg. Corp., Research & Adv. Devel. Div., 20 Union 
St., Lawrence 
EDWARD G. LEBRE, Laboratory for Electronics, 75 Pitts St., Boston 14 
MARVIN T. TOLF, Acton Laboratories, Inc., Acton 
Michigan 
Car. T. ASHBY, Conrad, Inc., 141 Jefferson St., Holland 
EDWIN F. Cape, Alpha Electric Refrig. Co., 1115 E. 7 Mile Rd., Detroit 3 
Minnesota 
Frep A. CHINQUIST, Minneapolis-Honeywell Regulator Co., 2600 Ridgway Rd., 
Minneapolis 
Nebraska 
GLENN W. CARTER, Dale Products, Inc., Box 136, Columbus 
nm. New Jersey 

Pacif FRANK KEENA, G-V Controls Inc., 45 Hollywood Plaza, E. Orange 
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Model A-120-2 


Compact 2 cu. ft. laboratory unit, 
with thermal capacity of 400 
B.T.U's/hour at —120° F. For test- 
‘Iphia§§ ing and storage at low tempera- 
olf tures... experimental applications 
where moderately small capacity is 


needed. 
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MINIMUM SIZE 


for Environmental Testing 


Cincinnati Sub-Zero offers a complete 
line of chambers designed for testing 
under conditions of low temperature, 
high temperature, various altitudes, 
atmospheric pressures, and humidities 
or combinations of these in complete 
programs of pre-determined condi- 


Specially-built, custom-designed units 
can also be furnished for specific pro- 
grams, complete with fully automatic 
controls. Their flexibility offers an ac- 
curate method of simulating varying 
conditions for pre-set time intervals. 
For complete details, write us and out- 
line your testing requirements. 


Write TODAY for Complete Line Catalog #102 


GEORGE M. WHEELER, Tenney Engineering, Inc., 1090 Springfield Rd., Union 
—— a GANNON, Weston Electrical Instr. Corp., 614 Frelinghuysen Ave., 
‘ewar 
ROBERT Brown, Tenney Engineering, Inc., 1090 Springfield Rd., Union 
AMES H. DyNeE, Steiner-Ives Co., Springfield Rd., Union 
NK H. GARDNER, Tenney Engineering, Inc., 1090 Springfield Rd., Union 
MONROE SELIGMAN, Tenney Engineering, Inc., 1090 Springfield Rd., Union 
JAMEs E. SHUGARS, Heinemann Electric Co., 610 Plum St., Trenton 
SEYMOUR B. STERNBACH, Tenney Engineering, Inc., 1090 Springfield Rd., Union 
New Mexico 
RoszrT S. Hooper, Sandia Corp., Sandia Base, Albuquerque 
New York 
HERBERT W. BILsky, S Corp., Elmsford 
EUGENE L. BRAND, Avien, Inc., 58-15 Northern Blvd.. Woodside 
Joun J. HAMRICK, IBM, Testing Lab., Dept. 800, Endicott 
RoBERT L. Weiss, IBM, Testing Lab., Dept. 800, Endicott 
Ohio 
DONALD F. BONHARDT, North American Aviation, Inc., Columbus Div., 
4300 E. 5th Ave., Columbus 13 
THEODORE J. FREDERICK, Cincinnati Sub-Zero Products, 3932 Reading Rd., 
Cincinnati 29 
ROBERT E. SCHROEDER, Cincinnati Sub-Zero Products, 3932 Reading Rd., 
Cincinnati 29 
Pennsylvania 
_— M. Cook, Amer. Car & Foundry Div., ACF Industries, Inc., Berwick 
exas 
JOHN DARROUZET, Texas Instruments, Inc., 6000 Lemmon Ave., Dallas 


COMPANY MEMBERS 


INLAND TESTING LABORATORIES, Div. Cook Elec. Co., 6401 W. Oakton St., 
Morton Grove, IIl 


GOVERNMENT AGENCIES 
BUREAU yg Dept. of Navy, Washington, D. C. 


HO 4925TH Test Group (ATOMIC), Kirtland Air Force Base, N. M. 
Oscar E. Hopkins 

OFFICE, CHIEF OF RESEARCH & DEVELOPMENT, Dept. of the Army, 
Washington, D. 
William J. Ellenberger 

NAVAL SUPPLY, RESEARCH & DEVELOPMENT FACILITY, Naval Supply Depot, 
Bayonne, N. J. 
Arthur C. Avery 


" RoME AIR DEVELOPMENT CENTER, Griffiss Air Force Base, N. Y. 


Harold E. Nares, George A. Warner 


Model SU-120-4 
An economical 2 cu. ft. all-steel unit 
for low temperature testing. Tem- 
perature range and "pull down" is 
+80° F. to —120° F, in 60 minutes. 
Capacity, 600 B.T.U's/hr. at —120° 
F. Has hermetically sealed refriger- 
ation system, heating unit, observa- 
tion window and other related 
accessories. 


Zero Products be 


General Offices and Plant 


Cincinnati 29, Ohio an 


Member Environmental Equipment Institute 
Circle 831 on Page 20. 
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Letters to the Editor 
(Continued from Inside Front Cover) 

be increased to 65° to 71°C (149° to 160°F) . Increasing the 
ambient temperature of an explosive mixture also in- 
creases the rate at which an explosion will be propagated. 
This means that the pressure build-up in the test chamber 
will be more rapid, thereby requiring that pressure relief 
valves be of maximum sensitivity. Pressures up to 150- 
160 psi may be encountered practically instanteously. 

An instance has been reported in which a commercially- 
operated explosion chamber was damaged during a test 
in accordance with the interim procedure, due to sluggish 
operation of pressure relief valves. 

In consequence of the foregoing, the following recom- 
mendations are made, relative to explosion test chamber 
design. 

a. The utilization of an improvised or locally con- 
structed test chamber is not advisable. The chamber 
should be of approved commercial design, with a 
strength safety factor of at least 5. 

b. The chamber should be equipped with at least 
three relief valves in accordance with USAF Drawing 
No. 54D6182, or equal. This design permits a pressure 
less than that internal to the chamber to be maintained 
on the outer side of the valve disc, thereby greatly in- 


c. Consideration should be given to provision for 
mote control of the test chamber in future installatioy 


Additional information will be provided when resear 
work on the general subject of explosion proof testing 
is completed by WADC. 


J. R. GRIMM 

Asst. Ch, Environmental Criteria } 
Prod Cont Div, Opns Off 
Directorate of Development 

Wright Air Development Center 


Dear Sir: 

At the 24th Shock and Vibration Symposium, D 
Weller of NAMTC, Point Mugu, advocated to the 4 
sembled delegates a broadening of the objectives of th 
group to include studies of the practicality and effed 
of combined simulated environments on missiles a 
equipment. Since an undertaking such as this on a bro. 
scale would more logically fall within the province ¢ 
the Institute of Environmental Engineers I suggest th 
be considered as the theme for a future symposium. 


J. E. ALLEN, Supv. Eng. 
Environmental Engrg. 
Air Arm Div. 


creasing sensitivity and speed of operation. Westinghouse Electric Corp. 
iF ENVIRONMENTAL TEST EQUIPMENT DESIGN 
AND MANUFACTURE 
. a The BEMCO Line of semi-standardized equipment com- 
heeutit bines economy of manufacture with flexibility of control, 
performance and configuration. 
} F Series: Refrigeration and Heating, —125F to 1200 F. — 
7 W Series: Humidity controlled by Spray and/or Steam. WEA SERIES “a 
, Atay A Series: Altitude-Vacuum Chambers, 300,000 feet+. ALTITUDE-TEMP-HUMIDITY CHA 
| gee WF, FA and WFA Series: Combinations of the above. 
: eo DF Series: Dry Ice Cooled, Electrically Heated. 
wee FU Series: Fungus Chambers for MIL-E-5272 tests. 
fe S&R Series: Duplicating natural sunshine and rain. 
ee EX Series: Explosion testing with safety. 
bis BEMCO Inc. is an acknowledged leader in the Develop- 
a _ ment, Design, Manufacture and Servicing of quality 
pt) equipment. With recently doubled manufacturing facil- 
oan ities, BEMCO now provides an even more complete serv- 
ice to the Western States. WE SERIES 
HUMIDITY-TEMP_CHAMBER 
11631 VANOWEN STREET NORTH HOLLYWOOD, CALIFORNIA MEMBEROFTHEEE!. BEMCO 
Circle 841 on Page 20. 
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You may find your answer here, because 
Testing for Industry has been our busi- 
ness for nearly 60 years. We have excellent 
equipment and competent, thorough, expe- 
rienced men who know how to use it. 


You may use our talent and facilities to sup- 
plement your own effort, or for a complete 
testing program. In either case, the service 
is independent, impartial, and as confiden- 
tial as your own. 


We can determine properties, characteristics, 


and performance of the materials, apparatus, 
or components you use or produce — in the 
following fields: 


Electrical and Electronic 
Physical and Mechanical 
Chemical and Environmental 


Using E.T.L. services is like finding extra 

trained talent and extra test equipment 
To help you and your without adding to your payroll or capital 
management explore 
the possibilities for 
relief from your en- 
gineering problems, 
ETLhas just prepared 
a listing of services 


and facilities. It is | mow ~@ 
yours for the asking 
Test- 


investment. 


ELECTRICAL TESTING LABORATORIES, INC. 
2 East End Avenue at 79th Street *« New York 21,N. Y. ¢ BUtterfield 8-2600 


CHEMICAL * ELECTRICAL * ELECTRONIC ><! TESTING * INSPECTION 
PHYSICAL * MECHANICAL * ENVIRONMENTAL CERTIFICATION 


INCLUDING INFRARED SPECTROSCOPY, PHOTOMETRY, RADIOMETRY, SPECTROPHOTOMETRY AND PHOTOMICROGRAPHY 


Circle 851 on Page 20. 
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FUNCTIONAL TESTING 


Supplementing the normal services of an 
environmental test facility, Parameters, Inc. i 
capable of functionally testing all componen 
Parameters, Inc. maintains a complete hydra 
electronic and mechanical test facility to pro 
a ‘one-stop’ testing organization. 


HYDRAULIC PUMPING UNITS 
Flows to 100 gpm 
Pressure to 5,000 psi dynamig 
30,000 psi static 
Fluids JP-4, JP-5, Varsol MIL 
0S45 MIL- -7808 


PRIME MOVERS 
Power from 1/20 to 160 HE 
trolled variable speeds. 


HYDRAULIC IMPULSE 
Per MIL-5512-A 


400 amp, 3 phase, 60 cps; 
d-c; 400 cps. 


INSTRUMENTATION — General electronic test equipment, 
ing recorders, oscilloscopes, 


oscillators. Transducers including 
with recording, indicating and devices ar meters, pressure transducers, 


ly complies with the requirements of the Militar y couples and potentiometers. 


SPECIAL EQUIPMENT — Specialized equipment for testing ¢ 
hydraulic closed loop systems i 
variable gain .servo-amplifier, 
generator, phasemeter, servo valium 

rotary and rectilinear potentiometé 


195 HERRICKS ROAD 


FOR MORE INFORMATION ABOUT THE TESTING, ENGINEERING, DESIGN OR 
DEVELOPMENT FUNCTIONS OF PARAMETERS, INC., WRITE 70: 


NEW HYDE PARK 
ye NEW YORK 
‘Ripa Ploneer 6-0155 Circle 861 on Page 20. 


| ENVIRONMENTAL TESTING. 
-100°F to +200°R 
100,000 ft. + | 
‘SUNSHINE: Per MILES272A - 
4 
‘ ‘ 
‘ 


